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Pre-Demo Discussion , y( /Z@m

As you do the demonstrations, ask students to:

1. try to predict the outcome of the demonstration;

2. carefully observe the demonstration and, if necessary, account for differences between your prediction and the actual
outcome;

3. try to identify the specific gas property that is being demonstrated, and why gases exhibit this property; and

4. think of practical consequences of atmospheric gases’ exhibiting this property.

Demo Tips

1. When performing the demonstrations be sure to capitalize on the element of surprise.

2. Avoid forecasting expected outcomes to your students.

3. On several demonstrations you may wish to elicit ideas on what will occur and why. For others, you may wish to do
the demonstration before eliciting student response.

4. You do not need to try to “teach” concepts on this day; all will be developed more fully in subsequent text and
activities.

5. The main purpose at this time is to raise questions and motivate your students to want to learn more about the “sea” of
gases in which we live.

The following demonstrations have been chosen for several reasons:

1. They are effective for illustrating that gases (even colorless, odorless ones) are “real” substances.

2. They draw students’ attention to very important properties of our atmosphere in a dramatic fashion.

3. They use readily available materials.

4. If properly performed, they are quite safe—in fact, you may encourage your students to repeat some of the demonstra-
tions for themselves at home.

5. They do not require elaborate setups or much advance setup time—the entire sequence can be performed between the
first and second days of the unit.

Answers to Questions:

Is air really matter?
Demonstration 1: Air has weight Balance two filled balloons by hanging them from a meter-stick balance. Pop one of
the balloons and note the direction of the balance’s tilt. Though “invisible,” gases do possess weight, like other forms of

Loweran * empty%lass:,apen%nd downward «ﬁno a larger beaker (or pot) of

empty” glass? Tilt the glass. What happens? Does air occupy space? Lead your students to

realize that even colorless gases occupy space. i
Demonstration 3: Not all gases are colorless Place several crystals of iodine in a sealed flask. A faint purple color will

soon be observed in the flask above the crystals. (This is best displayed with white paper behind the flask.) Contrast this

“colored gas”-iodine vapor, I(g)-to air or other colorless gases.

) J *_wmm pressure Select. athallwmth&t is easy to blow up. Put the balloon inside a volumetric flask or
an empty soft drink bottle and streich its neck over flask or bottle mouth. Ask a talkative student to try blowing up the
balloon so it fills the container as in the above experiment. Ask the class to explain the difficulty of this task.
emonsiration 5: Temperature changes the air pressure Before class, place 10 mL water in a 250-mL Erlenmeyer flask.
ring the water to boiling. Remove the flask from the source of heat and quickly place an empty balloon over the mouth
of the flask. As the flask cools, the pressure differential between the outside and inside of the flask will cause the balloon
to invert and line the inside walls of the flask. In class, ask your students to explain how the balloon was placed inside
the flask and for suggestions on how to remove the balloon from the flask. Note that heating will cause the liquid water
to vaporize and push out the balloon. This demonstration is also effective if performed “live.” Students seem to enjoy the
demonstration even more if the balloon pops before completely filling the flask.
Demonstration 6: Air exerts pressure upward and in all directions Fill a glass to the rim with water. Cover this with
either wax paper or a piece of cardboard (as cut from a cereal box). Press down along the edges to make a tight seal, turn
the glass upside down over a sink, and let go of the cover. Air pressure (acting upwards against the covering) will
support the weight of the water and prevent it from spilling out. Repeat the process without filling the glass compleiely.

What is : alr pressure all about?
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Ask your students to account for the difference in the two cases.

demonstration 7: Air exerts pressure sideways and in all directions Punch a small hole in the side of an empty, clean,
astic bottle (such as a liquid-detergent bottle). Holding your finger over the hole, completely fill the bottle with water.
Replace the cap. Remove your finger from the hole. Explain your observation. Unscrew the lid and note what happens.
Ask students to account for the difference. Why is it difficult to pour juice from a can if only one hole is punched in it?
Demonstration 8: Air exerts pressure in all directions Place about 20 L water in a clean, empty aluminum soft drink
can. Bring the water to a rapid boil and quickly invert the can in a container of water. It is not necessary to submerge the
can, but only to have its top touch the water’s surface. The boiling process will force out much of the air that is inside the
can and replace it with water vapor. Upon cooling, the water vapor will condense, leaving a partial vacuum inside the
can. Atmospheric pressure outside the can will crush it. In addition to demonstrating the substantial pressure of our
atmosphere, this demonstration contrasts the relative densities of liquid and gaseous states of matter. You may wish to
reserve it for that purpose. If duplicating-fluid cans are still available in your school, you may wish to do the demonstra-
tion with an empty one. Add about 100 mL of water to the can, heat the water to boiling, and then seal the can with a
rubber stopper. The advantage of this method is that the crushing of the can is more prolonged, and partially reversible;
you can restore the shape of the can by blowing into it.

Why does air sometimes carry odors?
Demonstration 9: Diffusion of gases Standing at the front of the classrocom, open a bottle of perfume or other safe,
odoriferous substance with high vapor pressure. Have each student raise a hand as soon as the odor is detected.
- Demonstration 10: Diffusion rates of gases Place two small beakers (one containin g ammonia, the other, water and
““phenolphthalein) under a large plastic or glass container. Ask your students to account for any changes they note. (You
will see a pink ring forming nearing the water surface.) Placing the setup on an overhead projector will make it more
visible and cause the diffusion to occur faster. A similar demonstration using hydrochloric acid and ammonia (to produce
ammonium chloride “smoke” particles) can also be performed with this setup or with the traditional long glass tube
setup.

Is air heavy? Will it burn?

Demonstration 11: Density Contrast the behavior of equal sized balloons filled with available gases such as hydrogen
(0.09 /L), helium (0.18 g/L), natural gas from a burner jet which is mainly methane (0.55 g/L), “air” (1.0 g/L), carbqn
dioxide (2.0 g/L), or sulfur hexafluoride (SF,—6.6 g/L) by attempting to throw them. Alternative and especially effective
demonstrations include: (a) "blowing bubbles” using a liquid soap-glycerin mixture and a funnel connected via rubber &
tubing to a gas source and (b) pouring carbon dioxide down a tilted tray of candles. Or, simply observing a container of
dry ice is also effective.

Demonstration 12: Flammability Contrast the flammability of hydrogen (or methane) to that of helium, using either
balloons or soap bubbles. I using the soap bubble approach be sure to run enough gas through the tubing to clear out any
air. This precaution will insure even, rapid, nonexplosive burning. Use a candle attached to a meter stick to attempt
igniting the bubbles after they detach themselves from the bubble generator and begin to rise.

At-Home-Activities

1. A straw enables one to suck fluids “uphill” against gravity by using atmospheric pressure. In suckjngz air pressure is
decreased at the end of the straw in one’s mouth. The greater pressure acting on the surface of the fluid pushes the
fluid up. If two straws are used in the manner described, one cannot build up a difference in pressure and therefore the
fluid does not rise. Some of your brighter students may use their tongue to close off the end of the second straw and

thereby be able to accomplish the task. o )
2. As above, the action of a straw depends on a pressure difYferential. If the container is filled, atmospheric pressure

cannot act on the surface of the fluid and the fluid will not rise.

Post-Demo Discussion

Additional ideas you may wish to use on the first and second days include: .

1. newspaper or magazine clippings relating to the atmosphere, climate and/or air pollution; and

2. slides of nature-generated air pollution (such as Mt. St. Helens) or human created air pollution—in either case, local
or regional “news” will probably have the most impact on your students.

A.3 AIR: THE BREATH OF LIFE (pages 343-344)

This section focuses on oxygen’s unique role in the atmosphere, and the reversibility of its supply, being consumc:,d by
respiration and produced by photosynthesis. Figure 1 on page 344 is central to the YOUR TURN exercise. An en_!oyable
extension of the YOUR TURN questions is to have all students measure their own respiration rates, and use those in all {j

calculations.
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